Wind energy is one of the renewable energy sources which the trend is positive and increasing year by year. This technology applied widely in several regions in the world and already has maturity in technology, good infrastructure and relative cost competitiveness. The application of structural health monitoring (SHM) is crucial especially to evaluate the performance of wind turbine in real time assessment. Furthermore, the smart material in SHM can be utilized as micro energy harvester as well. However, the application of SHM and micro energy harvester for wind turbine is still premature especially in SHM embedded or bonded strategy. Several issues are highlighted such as SHM material selection, wind turbine selection and the issue in micro energy harvester. The issues are discussed and compared with the recent finding in this review. Several recommendations are suggested for future study especially on the application of micro energy harverster.
Introduction
Structural health monitoring (SHM) is an automated approach to determine any changes in the integrity of mechanical system. The SHM system occurred in real time or online situation. Hence, it gives advantages in damage detection, damage localization, damage assessment, and life prediction as [1] compared to Non-Destructive Test (NDT) which is conducted offline [2] . The research on SHM especially on aerospace has already undergone intensive exploration. There are also others field which applied SHM such as civil, architecture, mechanical system and marine.
Structural health monitoring (SHM)
SHM can be divided into two which are passive response and active response. Condition monitoring is one of passive response technique in SHM. The periodically response received will be compared to the normal (default) data to determine if there are any changes in the signal which is affected from the structure integrity such as in the bearings [3] , shafts, motors [4] and wind turbine blade [4] . While, the active response will monitor the signal and feedback to the system if signal changes from normal signal. In ultrasonic guided wave approached, the lower excitation frequencies shows more consistent performance across all sensor paths of 9-meter CX-100 wind turbine rotor blade in a controlled fatigue-test environment [2, 5] . Besides that, lamb wave is also able to determine the undamaged, damaged and repaired characteristic of carbon fiber reinforced plastic (CFRP) laminate [6] . CFRP are replacing aluminum alloys as the primary and secondary structure for newly developed aircraft such as the Boeing 787 and Airbus A350. In that study, the interested intervals were selected by using Morlet wavelet analysis to evaluate the Condition Structural Index (CSI) and Amplitude Based Assessment (ABA) for each condition. Then, the result was characterized using Principal Component Analysis (PCA) to distinguish the characteristic of undamaged, damaged and repaired [6] . On the other hands, Mustapha et al. [7] employed Outlier Analysis (OA) as statistical approaches to detect damage. The experiments were operated on a hollow cylinder-like structure, under both damaged and undamaged conditions. The scattering of an ultrasonic-guided wave was investigated and characterized using PCA. It is found to be a reliable, practical and simple approach [7] .
Rytter [8] explained and arranged SHM in a hierarchical process. The process start with damage detection, location detection, damage assessment and life prediction. There are several research has already been conducted in each processes. OA [7, [9] [10] [11] , Morlet wavelet analysis [6] are processes at damage detection level. While, Multi-Layer Perceptron (MLP) neural network is arrange in damage location detection level of hierarchy [12] [13] [14] . Yang et al. [15] reported that inner product vector (IPV) technique can locate the delamination of the composite beam correctly. In addition, acoustic wave propagation, continuous sensors and wavelet analysis were employed in optimizing the actuator and sensor locations [16] . Todoroki et al. [17] reported for damage assessment and life prediction which employed electric resistance change method. The results report that delamination size identifications with response surfaces were successfully performed for the cross-ply laminates and quasi-isotropic laminates.
Comparison on several techniques of SHM was conducted by several researchers as well. The performance of lamb wave propagation, frequency response functions, and a time series based method on wind turbine blade are compared by Marquez [16] . It report that time series analysis shows the most effective and reliable to detect damage while lamb wave testing could locate, as well as detect the onset of damage. On the other hands, Ghoshal [18] proposed resonant comparison algorithm which much suitable to apply in real time monitoring in turbine blade as compare to transmittance function, operational deflection shape and wave propagation methods. This experiment employed piezoceramics patch and scanning laser Doppler vibrometer to translate the signal as damage detection via algorithms were studied. Rumsey [2] compare application of NDT, Macro Fiber composite (MFC), piezoelectric lead zirconate titanate (PZT) force sensor and thermal imaging techniques at 9 meter glass-epoxy and carbon-epoxy wind turbine blade.
Vertical axis wind turbine (VAWT)
In wind energy, wind turbines can be categorized into two main types. It refers to axial direction of rotor shaft. One is the Horizontal Axis Wind Turbine (HAWT) and secondly is the Vertical Axis Wind Turbine (VAWT). HAWT have blades mounted radially from the rotor. Modern types usually have two or three blades and are generally used for large scale grid connected electrical power generation. VAWT is not as common and only recently have they been used for large scale electricity generation. The analysis and research on both type of wind turbine are being rigorously tested and improved [19] . Several studies showed that the application of VAWT give more advantages as compared to HAWT. A comparison between VAWT and HAWT is presented in Error! Reference source not found. [20] .VAWT doesn't have to be orientated into wind direction. Besides that, it need no tower hence reduce the capital cost. In fact, the generator is mounted at ground level for easy access. [21] [22] [23] . Additionally, recent studies show that VAWT can be installed much closer to each other compared to HAWT, so that the power density per square meter could be at the end considerably higher than for the configurations used presently. For various reasons, there is now a resurgence of interests for VAWTs, in particular Darrieus turbines. [24] The new design of the Darrieus & Savonius combined rotor is proposed and analysed. The starting torque shows an improvement. Besides that, a comparison was done among existing standard airfoil shape [24] . From 20 designs suggested and run in computational analysis, H-rotor Darrieus turbine involving S-1046 type of airfoil appears to be very promising for wind energy generation, in particular in urban area. Greenblatt et al. [25] proposed plasma actuator in controlling flow separation hence increasing the power generated about 38% in percentage.
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Advances in Mechanical and Manufacturing Engineering In order, to monitor the sustainability of each component in VAWT, a proper method should be used to monitor the turbine blade and overall system before the operation as well as during the operation of VAWT. In this situation, the application of SHM is very crucial. SHM is a method that aims to identify the health of an engineered system throughout its lifecycle [26] . By using SHM, designers enable to reduce the weight of rotors and drive trains by replacing conservative design assumptions with automatic state awareness and control measures. Furthermore, manufacturers could use health information about loads and the damage correlated with these loads to improve wind turbine designs, manufacturing and quality control processes, and shipping and installation methods [27] .
There are several methods in detecting damage or failure in the blade structure. The methods such as Acoustic Emission, Ultrasonic, Fiber Optic, Laser Doppler Vibrometer and Thermal Imaging [2, 6, 16, 18, 28] . Besides that, a new smart material of piezoelectric offer better technology which is not only detecting the damage but act as a harvesting electricity as well [29, 30] . In this system, the sensor will react if several situation occurred such as curvature of structure, strain state in the sensors, damage in the structure and failure mode of structure by buckling [31] . The sensor act as good as SHM as it offer compactness, lightweight, low-power consumption, repeatable inputs for active-sensing approaches, ease of activation through electrical signal, low cost compare to other devices and easy to install [32, 33] .
Micro energy harvester
The application of piezoelectric as enhancement of VAWT in energy harvester could become new challenge. Vibration produces mechanical energy which arises from vibrating structure, a moving human body or air/water flow induced vibration [34] . The vibration basically can be harvested through three common mechanisms which is electromagnetic, piezoelectric and electrostatic. Relative displacement is used in electromagnetic and electrostatic transducers while strain is exploited in piezoelectric transducer to generate electrical energy at mW or µW level power [34, 35] . Consequently, as VAWT play the main role as main energy collector, piezoelectric can act as a micro energy harvester or wind vibration energy harvesting [30] .
The technology is focused as an alternative to the conventional battery or proposed a lifelong battery to low power subsystem or devices [30, 36] . This concept was applied in Unmanned Aerial Vehicles (UAV) technology [37] and show promising results thus selfenergize low-power subsystems in UAV.
Preliminary research has been conducted on a complete autonomous sensing unit that incorporates SHM and power harvesting technologies into a single, self-powered device [29] . Anton et al. [38] reported that multisource energy harvester is capable in powering of the ireless
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Impedance Device (WID) sensor node through solar and vibration energy harvesting. The experiment conducted at full scale wind turbine during shiny, cloudy, mild wind and high wind condition. It sufficiently charged its input capacitor (0.1 F) to 3.6 V at acceptable period time. On the other hands, study on different type of piezoelectric material were conducted in Inman's group such as monolithic PZT, bimorph Quick Pack (QP) actuator and MFC [39] [40] [41] [42] [43] . The papers report on the efficiency of QP, MFC and PZT and the capacity to recharge a discharge battery on the three types of material. There are also several studies on material effectiveness by other researchers such as piezoelectric ceramics with microstructure texture containing a template SrTiO3 (STO) [44] , multilayers piezocomposite composed of layers of carbon/epoxy, PZT ceramic and glass/epoxy [45] (Figure 1) , piezoelectric polymer polyvinylidene fluoride [46] , ionically conductive ionic polymer transducer [46] and aluminum nitride as a piezoelectric material [47] . Fig. 1 Geometry of multilayer piezocomposite [45] In addition, several researchers proposed other methods as well in order to increase output power effectiveness such as optimizing power conditioning circuitry [29] , using different beam shapes [48] and using multilayer structures [49] . In term of material selection, MFC is suggested due to some advanced features. The flexibility features make it very suitable to bond on the big and vibrates structure. Besides it solves several issues highlighted in monolithic piezoelectric transducer such as mechanical stability of the piezoelectric transducer under large ac stresses, electrical breakdown of the material under high fields, and reduction in efficiency due to dielectric losses and depolarization [50] .
The unsteady airflow phenomena could be utilized to harvest micro energy as well. Akaydın et al. [51] reported that a coherent vortical structures would generate a periodic forcing on the beam which prone and capable to achieved its resonant frequency hence produces maximum output voltage. The experiments conduct at high Reynolds number. The analysis on power harvesting performance reported that the power is more affected by the length and thickness of the beam rather than its electromechanical coupling coefficient.
Bryant et al. [52] examined on the sensitivity of the driving aeroelastic instability to several design parameters on the cut wind speed of the system. The design parameters involved such as non-rotating beam tip mass, flap mass, flap mass moment of inertia, flap hinge natural frequency, chordwise flap center of mass (CoM) location and chordwise flap hinge location. The most influenced parameter on the cut-in wind speed is the flap mass properties including the flap center of mass location, the flap mass moment of inertia, and the flap mass. Beside, the frequency flexibility and power output can be improved via an array of power generator based on thick-film piezoelectric cantilever [53] . Most of the researchers are focusing on vibration cantilever beam. The discussions above are related to the issues such as influence of airflow, critical point at turbine blade and approached to improve the performance. However, study on self nergize of VAWT needs to be explored and experimentally validated with the current situation and user friendly criteria.
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Conclusion
The VAWT technology is already established and the various types of VAWT are commercially available in the market. However, the utilization of MFC as self energize devices could bring VAWT a step forward with additional features. However, it needs further analysis and optimization in term of dual function of the MFC. Several issues can be highlighted here such as efficient electronic circuitry for energy harvesters, optimizing VAWT material, optimizing of material for both SHM and micro energy harvester, MFC embedded method and critical location in VAWT for optimum signal receiver.
Future development
The application of smart material in VAWT could enhance the technology of wind turbine and create new job and knowledge development for future beneficial. The study on MFC embedded method can produces smart turbine blade as all SHM devices and micro harvester devices are embedded intelligently in one blade structure. On the other hands, battery application can be voids in the future.
